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Non-Technical Summary
The Eurosystem has at its disposal a collection of instruments and procedures to influence
interest rates and manage liquidity in the money markets. Money market liquidity refers
to the balances held by banks on settlement accounts with the central bank. Generally
speaking the objective of steering interest rates is achieved by managing the conditions
that equilibrate supply and demand in the market for bank reserves. When assessing the
liquidity needs of the banking system, it is necessary to take into account the expected value
of the so-called ‘autonomous liquidity factors’ that afect the supply of bank reserves. These
factors are called autonomous because they are beyond the control of the central bank or
counterparties. Banknotes in circulation is one of the largest autonomous factors. It is a
liquidity absorbing factor: cash withdrawals from banks, that translate in an increase in the
level of banknotes in circulation, induce additional refinancing needs of banks which have to
meet their reserve requirements with the Eurosystem.
Abstract
The main focus of this paper is to model the daily series of banknotes in circulation
in the context of the liquidity management of the Eurosystem. The series of banknotes
in circulation displays very marked seasonal patterns. To the best of our knowledge the
empirical performance of two competing approaches to model seasonality in daily time
series, namely the ARIMA-based approach and the Structural Time Series approach,
has never been put to the test. The application presented in this paper provides valid
intuition on the merits of each approach. The forecasting performance of the models
is also assessed in the context of their impact on the liquidity management of the Eu-
rosystem.
Keywords: Daily Forecast, Liquidity Management, Time Series models, Seasonality,
Cubic Splines.
JEL: C22, C51, C53 and C59.ECB • Working Paper No 142 • May 2002 5
The series of banknotes in circulation displays very marked seasonality, comprising weekly,
monthly and annual patterns plus some calendar effects. The modelling of daily series that
display seasonal patterns is not simple. Two major approaches for modelling seasonality in
daily series have been suggested in the literature: the ARIMA-based approach of Bell and
Hillmer (1983), and the structural time series (STS) model suggested by Harvey, Koopman
and Riani (1997). To the best of our knowledge the empirical performance of the ARIMA-
based approach and the STS model has never been compared. The application presented in
this paper provides a valid comparative empirical assessment of their performance. This is
particularly relevant as the nature of the STS model suggested by Harvey, Koopman and
Riani (1997) incorporates the nonlinear structure of periodic cubic splines, while the ARIMA
is linear in structure. Forecast combination models will also be built. These should serve to
illustrate whether the models are encompassing or not.
The analysis of the performance of the models is done on the basis of their forecasting
accuracy. Rather than focusing exclusively on standard statistical tests, the performance is
assessed in the context of the liquidity management of the Eurosystem. The performance of
the models is also compared to the performance of the current practice in the Eurosystem
(referred to as AGF model in the paper). To date the forecasting of banknotes in circulation
has been computed at a national level, i.e. the National Central Banks (NCBs) of the
Eurosystem forecast their own respective balance sheet position and the European Central
Bank (ECB) aggregates the NCBs forecasts. The quality of NCBs forecasts has been good
so far. But there are two major reasons for also forecasting the volume of banknotes in
circulation in the euro area directly. First, this forecast can be used to complement and
improve the national forecasts. Second, the introduction of euro banknotes in 2002 and
the free movement of banknotes within the euro area may make the national forecasts less
reliable.
Results presented suggest that the two major approaches, i.e. the ARIMA-based ap-
proach, and the STS approach are powerful and display a performance which is up to
the standards of the current aggregated forecast approach employed by the Eurosystem.
Nonetheless, the expert knowledge incorporated in the AGF model is key over certain hol-
iday periods. The ARIMA model has the best forecasting performance over horizons of 5
days and above, while the STS is best over horizons of 1 to 4 days. The best forecastingECB • Working Paper No 142 • May 2002 6
model is a combination of the ARIMA and STS models. This may point to the fact that
certain seasonal patterns may not be completely captured by a linear structure.
The assessment of the performance of the models has also been conducted in the context
of the liquidity management of the Eurosystem. The error in anticipating the liquidity
needs due to forecasting banknotes in circulation never exceeds ±1 billion of euro for any
of the models. A total of eight corrections to a benchnmark allotment strategy for main
renancing operations resulted from the forecasting errors of the ARIMA model, nine from
the STS model and eight from the AGF model. The combination of forecasts from both
the  ARIMA  and the STS  resulted in only two corrections and clearly outperform the other
models.
These econometric models have been used in ‘real time’ by the ECB from July 2001.
The role played by the models was mainly that of checking the quality of the AGF forecast,
and under some circumstances, to adjust it. The ‘real time’ testing of the models by the
liquidity management unit of the ECB showed that the models had difficulties in capturing
‘exceptional’ effects, such as the patterns associated with the cash-changeover process. These
patterns were very pronounced towards the end of the year 2001 and first weeks of 2002.
This meant that expert knowledge from NCBs played a prominent role during that phase.
It seems sensible to expect the performance of the models to become better again once the
cash changeover process is completed. Nevertehless, from a practitioner’s viewpoint, it is
necessary to undertake a thorough assessment of the quality of the model’s forecasts over a
period of time which also includes the cash-changeover process.
1 Introduction
The Eurosystem has at its disposal a collection of instruments and procedures to influence
interest rates and manage liquidity in the money markets. Money market liquidity refers
to the balances held by banks on settlement accounts with the central bank. Generally
speaking the objective of steering interest rates is achieved by managing the conditions that
equilibrate supply and demand in the market for bank reserves. The Eurosystem has at its
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